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Warning Labels

The following warning and caution labels are utilized throughout this manual to convey critical information
required for the safe and proper operation of the hardware and software. It is extremely important that all
such labels are carefully read and complied with in full to prevent personal injury and damage to the
equipment.

There are four levels of special alert notation used in this manual. In descending order of importance,
they are:

DANGER: This indicates an imminently hazardous situation, which, if not
avoided, will result in death or serious injury.

WARNING: This indicates a potentially hazardous situation, which, if not
avoided, could result in serious injury or major damage to the equipment.

CAUTION: This indicates a situation, which, if not avoided, could result in
minor injury or damage to the equipment.

NOTE: This provides supplementary information, emphasizes a point or
procedure, or gives a tip for easier operation
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The Guidance Programming Language

1. GPL Overview

This document introduces you to the Guidance Programming Language, GPL. GPL is a full-featured
language designed to allow you to program and automatically operate motion controllers with machine
vision and the mechanical mechanisms (“robots”) that are controlled by these devices.

GPL can be employed in a wide variety of applications including: general robotics; mechanical assembly;
material handling and packaging; palletizing; carton loading or case packing; wafer handling or machine
control in the semiconductor industry; life sciences equipment applications; or applications requiring
conveyor tracking and/or vision guidance.

This language can be easily applied to a wide range of mechanisms ranging from simple, single axis
linear and rotary devices, to complex robots that require all of their axes to be simultaneously moved in a
coordinated Cartesian fashion, to systems that have multiple robots that operate either independently or
cooperatively. The control hardware for such systems can reside in a single box or can be distributed in a
networked control architecture. Independent of the physical control architecture, GPL makes use of its
built-in networking ability and knowledge of robot geometries (kinematics) to allow mechanisms to be
centrally programmed and easily controlled in Cartesian coordinates.

To support such a wide range of applications and mechanisms, GPL has extensive motion control
facilities including: blending of joint and Cartesian interpolated motions (“continuous path”); s-curve
profiles; base and tool offsets; built-in kinematic models for a variety of robots; mathematics for
manipulating robot and part positions and orientations; and frames of reference including moving frames
of references for conveyor tracking.

GPL has been targeted to execute on the Precise Automation Guidance Controller, which supports a
networked control architecture. This controller includes a web based operator interface, a unified
configuration and parameter database, integrated data logging capabilities, Category 3 (CAT-3) safety
circuitry, and a number of facilities that simplify both local and remote diagnostics and maintenance.

The Guidance Controller can in fact be programmed using three different methods: (1) a forms based
teach-and-repeat technique that executes “MotionBlocks” in response to digital input signals; (2) GPL as
described in this document; or (3) by any standard Windows PC language, which remotely controls the
system via a TCP/IP connection. The MotionBlocks method is ideal for simple applications, especially
those where a PLC is providing overall cell control, and is extremely easy-to-use since no programming
language knowledge is required. GPL has the advantage of being embedded within the controller and
allows more complex applications to be addressed while still permitting the controller to be operated in a
standalone mode. The TCP/IP method allows programmers to leverage the capabilities of a PC (or other
standard computing platforms) at runtime and to utilize the language of their choice.

In this document, we describe the features and syntax for the embedded system, the “Guidance
Programming Language” (GPL).
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GPL is a full-featured programming language. The fundamental syntax for GPL has been modeled after
object-oriented forms of the Basic Language in order to provide a syntax and development environment
that are familiar to many application developers. The Basic syntax has been extensively augmented with
“classes” and “objects” that implement the motion control and vision capabilities. A Windows PC is
required to develop and debug application programs but need not be connected when the controller is
operating in automatic mode. Programmers who are familiar with Visual Basic .Net 2003 should be very
comfortable with many of the computational and structural elements of GPL.

In the following sections, an introduction and overview of the GPL syntax is provided. Where it is
important, we point out differences between GPL and the various variants of the Basic Language. These
notes are highlighted by enclosing them within square brackets (“[1”). For more detailed information on
individual instructions, objects and classes, methods, and properties, please see the GPL Dictionary
document.

2. Statement structure

2.1. Program lines can begin with an optional line label. Line labels must either be a valid variable
name (e.g. label1) or an integer literal (e.g. 100). Line labels must always be followed by a colon (;).

The label and colon can optionally be followed by a standard statement. [In VB6 and some other version
of Basic, no label separation character was required.]

2.2. The standard line is formatted as follows:
Label: Statement ' Comment

2.3. An apostrophe (') marks the beginning of a comment. Comments can follow a standard statement
on aline. Full line comments and blank lines are permitted.

2.4. Lines that begin with a # character are ignored. This is useful for defining "#Region" and "#End
Region" lines that mark blocks of code that can be expanded or collapsed using the outlining feature of an
editor.

2.5. Only one statement is permitted per line but a single statement can be continued on multiple lines.
To continue a line, the end of the line must contain a space character followed by an under bar (“ _”).
Comment lines cannot be continued and lines cannot be broken at certain points (e.g. in the middle of a
variable name).

2.6. There is no termination character at the end of a statement.

3. Data Type and Variables

3.1. Basic Data Types

3.1.1. The following table describes the basic data types that are supported in GPL:

Supported Data Types

Boolean [True (<>0) or False (=0) values.

2
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Byte Unsigned 8-bit integer numbers ranging from 0 to 255 in value.
Short Signed 16-bit integer numbers.
Integer Signed 32-bit integer numbers.
Single 32 bit single precision floating point numbers.
Double 64 bit double precision floating point numbers.
String String variables can have values that are of arbitrary length
Universal data types for object oriented Basic. Internally, this is a pointer to any
Object type of data or group of data. The group of data can consist of a mix of data

type values. All built-in system structures/classes are represented as objects.

See a later section for a general description of Objects.

3.1.2. The following data types found in VB.Net and VB6 are not supported:

Unsupported VB6/VB.Net Data Types

Long or Int64

64-bit signed integer number

Decimal 96-bit signed integer scaled by a power of 10
Int16 Synonym for Short

Int32 Synonym for Integer

Char 16-bit Unicode

Variant Old universal data type in VB6

Date Date and time values

3.1.3. Identifier type characters and literal type characters, which are special postfix characters used to
specify the type of variables and literal constants, are not supported. For example, in other systems,
725L identifies 725 as a Long constant and “Dim Abc!” declares Abc to be of type Single.

3.1.4. In general, the system automatically converts one type of variable to another as needed. For
example, all integer types (Boolean, Byte, Short, Integer) are automatically converted to double
precision floating point values when used in floating point expressions. However, when necessary, the
following explicit conversion functions can be utilized to force a specific type conversion. These functions
are all described in greater detail in the Software Reference Section.

Explicit Type Conversion Functions

CBool Converts any numeric type or String to Boolean.

CByte Converts any numeric type or String to Byte.

CDbl Converts any numeric type or String to Double.

Cint Converts any numeric type or String to Integer.

CShort Converts any numeric type or String to Short.

CSng Converts any numeric type or String to Single.

Cstr Converts any numeric type to String.

Hex Converts an Integer value to String in Hexadecimal format.

3.1.5. All input characters are represented as 7-bit ASCIl. Extended 8-bit ASCIl and Unicode characters
are not accepted in symbol names or in string literals.

3.1.6. Hexadecimal constant values are indicated by the prefix “&H”. This syntax can cause confusion
with the “&” concatenation operator. For example, if you have a variable named “HEAD” then the
expression: String &HEAD causes a syntax error since &HEAD is interpreted as the hex value “EAD”. To
avoid this problem, insert a space after “&” if it is being used as a concatenation operator.

3.1.7. Octal constant values are indicated by the prefix “&0O”. This syntax can causes confusion with the
“&” concatenation operator. For example, if you have a variable named “O2” then the expression: String
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&02 causes a syntax error since &02 is interpreted as the octal value “2”. To avoid this problem, insert a
space after “&” if it is being used as a concatenation operator.

3.1.8. As a programming convenience, there are a number of constant values that are predefined in the
language. These constants all begin with "GPL_". These constants are listed in the following table and
their use is described in the language dictionary pages.

GPL Constant Values

GPL_CR IASCII carriage return character (13).

GPL _LF IASCII line feed character (10).

GPL Righty IAssert right shouldered configuration (&H01).

GPL_Lefty IAssert left shouldered configuration (&HO02).

GPL Above IAssert elbow above wrist configuration (&H04).

GPL Below IAssert elbow below wrist configuration (&H08).

GPL_Flip IAssert wrist pitched up configuration (&H10).

GPL NoFlip IAssert wrist pitched down configuration (&H20).

GPL Single IAssert restrict wrist position to within +/- 180 degrees (&H1000).

3.2. Variable Declarations

3.2.1. Variable names can be mixed case (upper and lower case characters), but names are not case
sensitive, i.e. Abc, ABC, abc, aBC all refer to the same variable.

3.2.2. Within a given context, variable names must be unique even if they refer to variables of different
data types and variable names cannot match system keywords. For example, you cannot have a string
variable named “value1” and an integer variable with the same name. System keywords generally refer

to words such as “For”, “If”, “Dim” that are expected to denote a built-in language capability.

3.2.3. Variable names must start with either a letter or an underscore “_". This character can be
followed by a sequence of up to 127 additional letters, numbers, and underscore characters for a total of
128. If a variable name starts with “_” it must be followed by at least one other character other than
another underscore to distinguish it from a line-continuation.

3.2.4. Dim is the basic data type declaration statement within procedures for local, i.e. automatic,
variables. If Static is used in place of Dim within a procedure, the value of the variable is preserved from
one execution of the procedure to the next. Dim variables, including array variables, are initialized to 0
(numbers), False (Booleans), or Nothing (structures, objects, or classes), each time their enclosing
procedure is executed.

Dim ii As Short
Static jj As Short

3.2.5. Variables defined within a module, outside of a procedure, are accessible by all procedures in the
module and, like Static variables, their values are preserved independently of the execution of any
procedure. If such variables are defined with Private or Dim, the variables are local to the module and
cannot be accessed by procedures in other modules. If Public is used instead to declare a variable, the
variable is accessible by all procedures within all modules loaded into the controller’'s memory.

Module Test

Dim Count As Integer ® Invisible to other modules,
" global in this module
" Same as declaration above

Visible to all procedures in

Private nBlocks As Integer
Public TotalArea As Single
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all modules within project.
End Module

Variables declared within a module can also be accessed by preceding the variable name with the
module name. This method of specifying a variable is required for cases when the same Public variable
name is found in more than one module and it is unclear from the name alone which variable is being
referenced.

Module Testl
Public aa As Integer
Public bb As Integer
End Module

Module Test2
Public aa As Integer

End Module
Module Test3
Sub MyProc
Dim ii As Integer
ii = bb " Okay since there is only bb
ii = Testl.bb ® Okay but not necessary
il = aa * Error since aa is duplicated
il = Testl.aa " Okay since it is clear which aa
End Sub
End Module

3.2.6. In GPL, no matter where a variable is declared in a procedure, the scope of a variable extends
throughout the procedure with the restriction that variables can only be declared in the outermost level of
a procedure.

For ii = 1 To 10

Dim jj As Integer * Not allowed

kk = ii " Forward reference to kk is allowed.
Next ii

Dim kk As Integer

In the future, we may change the scoping rules to follow other variants of Basic, such as VB.NET, more
closely.

3.2.7. Multiple declaration clauses may appear in a single statement.
Dim n As Integer, x As Double
3.2.8. The data type must always be specified.

Dim BlackObjectl * Invalid

3.2.9. If multiple variables are declared within a single statement and a variable’s type is not specified,
its type is defined by the next type definition in the statement [this is different from VB6 where all untyped
variables became Variants]. Note, if a New clause (see below) is used, only a single variable name may
appear to the left of the As keyword.

Dim ii, jj As Integer " Both i1 and jj are of type Integer

3.2.10. Variable or constant values may be initialized by adding an initialization clause that beings with
an “=". For example,
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Dim Count As Integer = 1 " Sets Count to 1

Each time this statement is encountered during execution, its value is initialized. If an initializer clause is
used, only a single variable name may appear to the left of the As keyword.

An arbitrary expression may appear to the right of the “=". If the variable being initialized is an object or

structure, a New keyword may appear to the right of the “=".

Be careful if you call a user-defined function as part of the initializer expression since some variables may
not be initialized yet.

Module-level variables are initialized once when a project is started and are processed in the order in
which they appear in the module. They are initialized before any user-defined procedures are executed
(except in the case where you call a user-defined function from an initializer). Errors that occur while
initializing variables are listed as part of a hidden procedure named "_Init".

3.2.11. The New keyword may appear in a clause that declares an object or structure. The New may

appear immediately after the As keyword, or may appear immediately after the “=" in an initialization
clause. New may not appear in both places within the same statement.

Dim Locl As New Location " Creates a location
" class instance
Dim Locl As Location = New Location " Equivalent to above

3.2.12. A Const keyword indicates that the variable is read-only and cannot be changed during normal
execution. Only the initialization clause can set the value of the Const keyword.

Const MaxCount As Integer = 10
MaxCount = MaxCount+1 " Invalid

3.2.13. GPL only supports strong typing, i.e. all variables must be declared in a Dim, Static, Private, or
Public statement although the specific type of a variable may be excluded and will be automatically set to
the default. [VB.Net allows strong typing to be disabled with the “Option Strict Off” statement.]

3.3. Data Type Arrays

Any of the data types described above, including objects, support array variables. The rank (dimension)
of an array can be from 1 to 4. The number of array elements within a dimension is limited by available
memory.

3.3.1. The first index in an array is always element 0. When you declare an array size, you are specifying
the upper bound for a dimension. So, the number of elements for a dimension is always equal to the
upper bound+1. For example:

Dim Count(9) As Integer * Allocates array of 10 elements

Versions of Basic such as VB6 supported means for defined ranges of indices that started with an
arbitrary first index number (e.g. “10 to 20”) and also statements such as “Option Base 1” that forced the
first index to always be 1. However, VB.Net always starts arrays with index 0 and this is the convention
that is supported in GPL.

3.3.2. The Dim statement is used to declare an array variable. The supported forms of this statement are
as follows:
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Dim MyArray(3, 4) As Integer
Dim MyArray(,) As Integer

The first statement specifies a 2-dimensional array with 4 elements (0 to 3) in the first dimension and 5 (0
to 4) in the second, for a total of 20 elements. These elements are allocated when the Dim statement is
executed.

The second statement simply specifies a 2-dimensional array, but does not allocate any elements.
Before you can use the array, you must either assign an array to it, or you must use a ReDim statement
to allocate the elements.

When array elements are allocated, numeric arrays have the value 0 and object arrays have the value
Nothing. Initialization of array values using an “=" clause is not supported in GPL.

3.3.3. Once an array has been declared and its dimensionality established, the ReDim instruction can be
used to initialize or change the number of elements within any dimension. ReDim can be applied to any
array, so no distinction is made between dynamically sizeable arrays and fixed arrays. However, ReDim
cannot be used to change the rank of an array and ReDim cannot be used to initially declare an array.
Some examples of ReDim are as follows:

Dim Count() As Integer

ReDim Count(9)

Dim TwoDCount(2,3) As Integer
ReDim TwoDCount(1,100)

3.3.4. Whole arrays may be assigned to each other with a single statement. When that occurs, the data
are not actually copied, but a pointer to the data in the right-hand array is copied to the left-hand array
variable so that both array variables access the same data. This behavior is similar to object variables.
For example:

Dim CountA(9) As Integer

Dim CountB() As Integer

CountB = CountA " CountB now refers to the same
" data as CountA

3.3.5. When single array elements are passed as procedure arguments, they behave the same as non-
array variables of the same type. When whole array elements are passed as procedure arguments,
pointers to either the array value (ByVal) or the array variable (ByRef) are passed, and the behavior is
the same as when passing objects.

3.3.6. All arrays of variables are members of the built-in Array class. You can use properties of this class
to determine the properties of any variable array.

Property Description

Returns the upper bound for a particular dimension of an
array. The lower bound is always 0, so the total number
of elements in this dimension is one greater than the
upper bound.

The total number of elements in the entire array, in all
dimensions.

Returns the rank, which is the number of dimensions, in
the array.

array.GetUpperBound (dim)

array.Length

array.Rank

These property methods may only be used with an entire array, not with a subset or individual array
element.
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Do not be confused when using the Length property with string arrays, for example, if you declare: Dim
sarray(3) As String:

sarray.Length is the number of elements in the array, in this case 4 (from 0 to 3).
sarray(0).Length is the length of the string contained in sarray(0), initially 0.

3.4. Scope of Names

Variables, constants, and procedures all have names. The section of a project where these names are
known is called the scope of the name. Attempts to access a name outside its scope results in an
"Undefined symbol" error because a valid name cannot be found by the compiler.

3.4.1. In general, a name is known within the block where it is declared, and within any blocks contained
in the block where it is declared. For example, a variable declared in a procedure is known only in that
procedure, but a variable declared in a module is known in all procedures contained in that module.

3.4.2. To access a name from outside the block where it is declared, the name must be declared as
Public. Public names can be accessed from anywhere, provided that the path to the name is fully
specified. As a special case, Public module-level names may be accessed without the module name
being specified, provided that the name is unambiguous in all modules.

For example:

Module MyMod
Public Modvar As Integer
Public Class My_class
Public Shared MaxSize As Integer
Private Shared Size2 As Integer

End Class
End Module
Module GPL
Public Sub Main
My_class._MaxSize = 100 * Invalid, path not complete
MyMod .My_class.MaxSize = 100 " Okay
MyMod .My_class.Size2 = 100 * Invalid, private variable
ModVar = 20 * Okay, special case
End Sub
End Module

4. Objects and Classes

4. Objects and Classes

“Objects” and “classes” are the basis of object-oriented programming. A class defines a collection of
related data and the procedures that operate on the data. In a sense, a class can be thought of as a
template. If multiple copies (or “instances”) of a class are required to store distinct sets of data, multiple
objects of that class are created.
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Objects and classes are used within GPL to provide additional functionality that is not part of the standard
Basic Language and to organize functions that are related into easy-to-access groups. This functionality
includes: mathematical operations, I/O operations, motion specifications, and robot control.

This section describes the general concepts associated with objects and classes. For illustration
purposes, some of the objects and classes that are built into GPL are mentioned briefly in this section.
The detailed description of these built-in GPL objects and classes are provided in later sections.

4.1. Objects, Fields, Properties and Methods
An object is a collection of related data and the procedures that operate on the data.

As opposed to a traditional data array, objects can and normally do contain many different types of data.
For example, the GPL Location Object that represents robot and part positions contains an array of
Double values to store a position and orientation, an Integer value for special flag bits, a Boolean to
indicate a choice of reference frames, a pointer to another object, plus other data. The values stored
within an object are called “fields”. Generally, fields are accessed via “properties” of the object. The
properties provide read and write access to field values and allow the values to be formatted, processed
or grouped. Each field can have one, multiple, or no properties associated with it. For example, several
properties of the Location Object access the same position and orientation field data to allow the data to
be presented as individual axis positions or a set of all axes positions or a Cartesian position and
orientation depending upon how the Location is defined.

From a data point of view, objects are similar to C structures. However, in addition to grouping data,
objects also have specific procedures defined for operating on the object’s fields. These object-specific
procedures are called “methods”. For example, the Location Object has methods for inverting its
Cartesian position and for combining the positions of two Location Objects.

Depending upon how they are defined, some methods operate like subroutines while others return values
like functions. If a method returns a value, it can be used in any expression that is appropriate for the
type of its returned value. If a method operates like a subroutine, it must appear in a statement by itself
and cannot appear within an expression. Either type of method can have a list of required arguments in
the same manner as subroutines and functions.

More generally, fields, properties, and methods are referred to as “members” of an object or class. For
the most part, you should only need to concern yourself with properties and methods of objects.

4.2. Classes of Objects

A class is a formal description and template for a type of object and defines its fields, properties and
methods.

In general, there are two types of classes: non-global and global. A non-global class does not hold any
data and relies upon its objects for data storage. Each object for a given class will have the same types
of members but will contain an independent set of values for each member. For example, a typical robot
application will have multiple Location Objects. Each Location will store the data that describes a
specific part or robot position. However, all of the Location Objects will be derived from the same
Location Class and will have the same types of members.

A global class is like a non-global class in that it defines all of the fields, properties and methods
associated with this class. However, a global class is used when a single set or no set of data exists, so
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that a global class never has any objects. For example, many of the arithmetic functions (e.g. sine,
cosine, square root) are part of the Math Class . This is done as a convenience to allow these functions
to be grouped together and therefore easily accessed. However, the Math Class has no fields, no
properties and no data, just methods. Consequently, the global Math Class has no objects.

4.3. The Dot “.” Operator

Within GPL, a period character “.”, also known as the dot operator, serves as a preface character to
identify a member of a class or an object. To access a specific member of an object or class, you would
write:

object.member or class.member

For global classes, since there are no objects, only the “class.member” form of reference can be used.
For non-global classes, most references are to the values of objects and are written as “object.member”,
although the “class.member” form is permitted for certain methods.

By making use of the dot operator, properties of objects can be used in assignment statements and
expressions in exactly the same manner as you would employ any other variable of the same data type.
Also, the dot operator permits methods to be invoked in the same manner as you would invoke any
subroutine or function.

Some examples of the dot operator are as follows:

Dim Pos_x, Value As Double

Pos_x = location_object.X+2 ~ Get x-axis displacement + 2
location_object.X = 3 " Set x-axis displacement property
Value = Math.Sqrt(3) " Sgrt is method of Math Class
location_object.Here * Invoke method to record position

The dot operator can be used multiple times in succession if a property or method returns another object.
For example, the method that inverts a Location returns a Location value. Therefore, the following
could be written to first invert a Location and then extract the x-axis displacement of the result.

Pos_x = location_object.Inverse.X

4.4. Object Variables and the New Clause

While the members of an object can be treated like any other variable of the same data type, object
variables are quite different from other variables. That’'s because an object variable does not contain the
value of the object, it contains a reference (or “pointer”) to the memory where the value is stored. For
example, if we declare a Location variable:

Dim My _loc As Location

This statement creates a pointer, My _loc, to an object of the Location Class. However, at this time, the
My _loc object variable has not allocated any storage for the value of the object and so its pointer is set to
“Nothing”. If you attempt to access a member of My_loc at this time, an error would be generated. In
general, before an object can be used, you must either allocate memory to the pointer (see below), copy
a pointer to an existing value or call a method that returns a value pointer.

10



The Guidance Programming Language

The standard way of creating (“allocating”) an object value is by using a New clause. This clause may
appear in a Dim statement or in an assignment statement and has the following syntax:

New class_name
where class_name is the name of the class for which you want to create an object value.

For example, the following three cases all declare a location object variable and allocate a Location
Object value for it.

Dim My _loc As New Location Create new location value

_O r_
Dim My _loc As Location = New Location " Same as above

_0 r_
Dim My _loc As Location * Declares variable only
My_loc = New Location " Creates the location value

In general, if you are unsure of whether to allocate a data block or not, you should probably go ahead and
allocate using the New clause. Using New unnecessarily will be somewhat less efficient, but GPL
automatically takes care of managing allocated object values and so memory is never lost (i.e. you
cannot create a memory “leak”).

4.5. Copying Object Variables and Values

Since an object variable is a pointer to a value, the following simple assignment statement does not copy
the value of an object, it copies an object pointer:

My_loc = Another_loc

At the conclusion of this instruction, My_loc and Another_loc both point to the same object value.
Furthermore, if My_loc was the only pointer to a different object value, that object value will have been
deleted (“deallocated”).

This use of pointers allows some sophisticated programming techniques, but it can also be confusing.
For example, after the assignment statement above, changing a property of either My_loc or Another_loc
will alter the property as seen by the other object. For example:

Dim My_Locl As New Location " Create new location value
Dim My _Loc2 As Location " Does not create value

Dim tmp As Double

My Locl.X = 10

My_Loc2 = My_Locl ® Both Loc2 and Locl now

have the same value pointer
tmp = My_Loc2.X tmp gets the value 10

My Locl.X = 20

tmp = My_Loc2.X " tmp now gets the value 20

45.1. Clone Method

Many classes include a Clone method to create an exact copy of an object. The value of the Clone
method is a new object value that is the same as the referenced object. When this value is assigned to a
variable, it is independent of the original object value.

For example:

11



Guidance Programming Language

Create new location value
Does not create value

Dim My_Locl As New Location
Dim My _Loc2 As Location
Dim tmp As Double

My_Locl.X = 10
My Loc2 = My_Locl.Clone Loc2 gets a copy of Locl
tmp = My_Loc2.X " tmp gets the value 10
My_Locl.X = 20

tmp = My_Loc2.X tmp still gets the value 10

4.5.2. Nothing

The keyword Nothing is a built-in function that returns an object with no value. If you assign Nothing to
an object variable, its previous pointer is removed and any attempt to access the variable results in an
error. When an object variable is newly declared its value is Nothing unless a New clause was specified.

Assigning Nothing to an object variable releases the memory associated with the object value, provided it
is not being used elsewhere.
4.6. Objects as Procedure Arguments

Like other variables and values, object values may be passed as procedure arguments. Object values
are always passed as pointers, so the operation of ByVal and ByRef is a little different from that of other
arguments.

46.1. Byval

When an object value is passed ByVal, a pointer to the object value is passed to the called procedure.
That means that changes made to the value via the called procedure parameter are seen by the caller.
But changes made to the variable are not seen by the caller.

For example:
Sub My_Sub (ByVal Loc As Location)
Loc.X = 20 " Changes original value
Loc = New Location " Create new value locally
Loc.X = 30 * Changes local value
End Sub
Sub Main(Q)
Dim Locl As New Location " Create new location value
Dim Loc2 As Location * Does not create value
Dim tmp As Double
Loc2 = Locl " Copy value pointer
My_Sub ( Locl ) " Pass pointer to Locl value
tmp = Locl.X " Gets 20 from original value
tmp = Loc2.X " Gets 20 from original value
End Sub
4.6.2. ByRef

When an object value is passed ByRef, a pointer to the object variable is passed to the called procedure.
That means that changes made to either the value or the variable via the called procedure parameter are
seen by the caller.

For example:
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Sub My_Sub (ByRef Loc As Location)

Loc.X = 20 Changes original value
Loc = New Location " Caller variable changed
Loc.X = 30 " Changes new value

End Sub

Sub MainQ

Dim Locl As New Location " Create new location value
Dim Loc2 As Location Does not create value
Dim tmp As Double

Loc2 = Locl Copy value pointer

My_Sub ( Locl ) " Pass pointer to Locl variable

tmp = Locl.X " Gets 30 from new value

tmp = Loc2.X " Gets 20 from original value
End Sub

4.7. User-Defined Classes

In addition to using the built-in classes, users can define their own classes within GPL. User defined
classes are a very powerful feature that can be of assistance is organizing a GPL project. However, for
programmers that are not comfortable with object oriented programming, user defined classes do not
need to be used and this section can be skipped. More traditional arrays of numeric and string variables
are supported in GPL and can be utilized to implement a complete application.

A user class definition begins with a Class statement and ends with an End Class statement. A class
may be defined at the top level of a file, within a module, or within another class. User-defined classes
serve as a template for objects that contain arbitrary variable fields and are associated with procedures
that create and modify the objects.

Class variables, procedures, and nested classes can be declared as either Public or Private. By default
these items are all Private. A Private item may not be referenced outside of the class in which it is
declared. A Public item may be referenced outside of a class by using the syntax:
class_name.item_name or object_name.item_name.

4.7.1. Class Variables

By default, variables declared within a class are templates for fields within objects of that class.
Independent copies of these variables are found in each object of the class and do not exist outside of an
object. If a non-shared class variable has an initializer, that field is set to the initializer value whenever an
object is created.

If a class variable is declared Shared, only a single copy of the variable exists and is accessed
independently of any objects. A Public Shared variable is normally referenced by the syntax:
class_name.item_name, to emphasize that it is associated with the class and not the object. A Public
Shared variable may also be accessed by the syntax: object_name.item_name which results in the same
single value being referenced. The second syntax example should be avoided to prevent confusing it with
a non-shared variable. If a Shared class variable has an initializer clause, the initialization occurs once
when the main thread starts.

An internal Sub procedure named _Init is automatically generated to perform shared variable
initialization. An internal Sub procedure named _New is automatically created to perform initialization
when a new object is created. Do not attempt to create procedures with these names.

4.7.2. Class Procedures

Sub, Function, and Property procedures may all be members of a class. By default, procedures
declared within a class are associated with an object of that class. They are invoked by the syntax:
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object_name.procedure_name. Within such procedures, fields and other procedures in the class may be
referenced without specifying object_name as a prefix. Instead, the object that was referenced when the
procedure was initially called is assumed.

If a class procedure is declared as Shared, it is not associated with any object, and may be invoked
simply as class_name.procedure_name. Since there is no object associated with this procedure, it cannot
reference non-shared fields or class procedures unless it explicitly includes an object_name as a prefix.

In the example below, the variable count is a field within the class cc. The procedure Main creates a new
object, aa, of class cc and sets its count field to 5. When the Inc_count procedure is called, it is passed
the object aa. When Inc_count executes, its references to count are actually references to the field count
within the passed aa object.

Public Class cc

Public count As Integer " Count is a field in a cc-class
obj
Public Sub Increment
count = count+1l ® Inc count field in the current
obj
End Sub
End Class
S